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(57) ABSTRACT 

A method of distributed statistical multiplexing of Video 
data. The method includes generating a plurality of blocks 
forming a pre-processed Video media corresponding to an 
original Video media, the plurality of blocks including, for 
one or more sub-portions of the original Video media, a 
plurality of interchangeable blocks that represent the sub 
portion. Optionally, at least some of the blocks are trans 
mitted to at least one multiplexer and reconstructed by the at 
least one multiplexer, for a plurality of communication 
channels, from at least some of the transmitted blocks. 
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DISTRIBUTED STATISTICAL MULTIPLEXING OF 
MULTI-MEDIA 

RELATED APPLICATIONS 

[0001] This application claims the bene?t under ll9(e) of 
US. provisional patent application 60/634,365, ?led Dec. 8, 
2004, the disclosure of Which is incorporated herein by 
reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to communication 
systems and in particular to systems for delivery of video 
signals. 

BACKGROUND OF THE INVENTION 

[0003] Delivering video content requires large amounts of 
bandwidth. Even When optical cables are provided With 
capacity for many tens of uncompressed channels, it is 
desirable to deliver even larger numbers of channels using 
data compression. Therefore, video compression methods 
(e.g., MPEG 2, H.264, WindoWs Media 9, SMTPE VC-9) 
are used to compress the video signals. With the advent of 
video on demand (VoD), the bandWidth needs are even 
greater. 

[0004] In the MPEG-2 compression standard, a video 
stream is compressed into a stream of media units. Each 
media unit relates to a physical aspect of the compressed 
video stream, such as a group of pictures (GOP), frame, slice 
or macro-block. The media units may have different data 
siZes in bits according to the speci?c momentary content of 
the video stream (e.g., frames With many details or feW 
details, similar adjacent frames or largely varying sequences 
of frames). The stream of media units is packaged into 
transport stream (TS) packets, generally having ?xed siZes. 

[0005] The strength of the compression may be selected as 
a compromise betWeen reducing bandWidth and signal qual 
ity. 

[0006] US. Pat. No. 6,054,943 to LaWrence, the disclo 
sure of Which is incorporated herein by reference, describes 
a video compression method in Which tWo preprocessing 
modules are used to calculate lossless and lossy compression 
representations, respectively, for a video content. The com 
pression varies seamlessly betWeen lossy and lossless modes 
according to the attributes of the cannel. 

[0007] Compression is generally a complex process that 
requires large processing resources. Therefore it is desired to 
perform the compression in advance, When possible. In 
addition, compression is often performed in a central loca 
tion rather than in a plurality of remote locations. In these 
cases, the unit performing the compression does not have 
information on the current requirements of the channel and 
therefore the method of LaWrence does not achieve better 
compression than other compression methods. 

[0008] There are netWorks in Which each local transmis 
sion channel that carries one or more video streams is 
governed by a local statistical multiplexer that also adjusts 
the siZe of the video stream according to the available 
bandWidth (i.e., the bit rate Which can be transmitted) of the 
channel. When necessary, the statistical multiplexer decom 
presses the video stream and recompresses the video stream 
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at a loWer rate. This, hoWever, requires large processing 
resources and adds to the delay. 

[0009] In order to reduce the processing load, there are 
video on demand (VoD) systems, e.g., multi bit rate (MBR) 
systems, in Which tWo copies of a movie are stored. When 
a client requests the movie, the copy best suitable for the 
connection of the client to the VoD system is supplied to the 
client. 

[0010] US. Pat. No. 5,768,535 to Chaddha et al., the 
disclosure of Which is incorporated herein by reference, 
describes a scalable video compression method in Which an 
image is repeatedly doWn scaled a plurality of times and 
error images describing the differences betWeen the doWn 
scaled images are generated. The images of each doWnscal 
ing are encoded separately and transmitted on a transmission 
link. At a receiving end, a decoder extracts from the stream 
those portions that it can handle on its bandWidth. 

[0011] US. Pat. No. 6,879,634 to OZ et al., the disclosure 
of Which is incorporated herein by reference, describes a 
method of scaleable transmission of video. 

[0012] US. Pat. No. 6,222,841 to Taniguchi, the disclo 
sure of Which is incorporated herein by reference, describes 
a system in Which video streams include packets that can be 
discarded for stream shaping. When necessary, statistical 
multiplexers drop some or all of the discardable packets. 

[0013] US. Pat. No. 6,108,382 to Gringeri et al., the 
disclosure of Which is incorporated herein by reference, 
describes a method for transmission of video. 

[0014] In some cases, video streams are accompanied by 
meta-data for use in performing fast forWard and/or reWind 
operations during display at the client. 

[0015] PCT patent publication WO 2004/025405, to 
Boyce Jill et al, ?led Sep. 10, 2003, the disclosure of Which 
is incorporated herein by reference, describes a video on 
demand server Which includes separate stream multiplexers 
and a central statistical multiplexer. 

[0016] US. Pat. No. 5,847,760 to Elmaliach et al., the 
disclosure of Which is incorporated herein by reference, 
describes a variable bandWidth transmission system for 
broadcasting compressed video signals in Which an encoder 
encodes each video frame (including a plurality of groups of 
pictures) at a maximal bit rate, half the maximal bit rate and 
at a quarter of the maximal bit rate. A transmitter controller 
selects Which encoding is used according to available band 
Width. US. Pat. No. 6,674,796 to Haskell et al., the disclo 
sure of Which is incorporated herein by reference, describes 
a preliminary encoder Which compresses video streams and 
during the compression generates encoding results, such as 
optimal motion vectors and inter/intra decisions. Encoders 
of a statistical multiplexer use the generated encoding results 
in the encoding of the video streams. 

SUMMARY OF THE INVENTION 

[0017] An aspect of some embodiments of the present 
invention relates to performing statistical multiplexing of 
multimedia (e.g., digital and/or audio) streams or ?les, onto 
a plurality of communication channels, at least partially by 
selection from interchangeable blocks generated for a single 
multimedia stream or ?le, for the plurality of communica 
tion links. 
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[0018] In some embodiments of the invention, a statistical 
multiplexer receives, for at least one or more sub-portions of 
the multiplexed streams, a plurality of interchangeable data 
blocks having different compression levels. Whenever a 
plurality of interchangeable blocks are received, the statis 
tical multiplexer selects one of the blocks to be included in 
the stream, according to the capacity of a channel (or 
channels) onto Which the stream is forWarded and the 
current utiliZation of the channel. Receiving already pro 
cessed interchangeable blocks alloWs for fast operation of 
the statistical multiplexers and optionally alloWs performing 
the compression by a single pre-processing unit (or rela 
tively feW pre-processing units) instead of by a large number 
of multiplexers. 

[0019] In some embodiments of the invention, the inter 
changeable blocks are received by the statistical multiplexer 
as a video stream formed of data blocks, together With 
replacement blocks not belonging to the video stream. 
Optionally, the replacement blocks include compressed ver 
sions (or more strongly compressed versions) of the blocks 
in the stream. Alternatively or additionally, at least some of 
the replacement blocks include larger (less compressed) 
blocks than the respective blocks in the stream. 

[0020] The replacement blocks are optionally received 
together With the video stream from a same source. Thus, the 
replacement blocks are not stored by the statistical multi 
plexer before the video stream is received for statistical 
multiplexing and there is no need for large storage capacity 
in the statistical multiplexers. Alternatively, the replacement 
blocks are received on a different channel than the video 
stream. Optionally, in accordance With this alternative, the 
replacement blocks are received after the video stream, for 
example in response to requests of the statistical multiplexer. 

[0021] In some embodiments of the invention, at most a 
single replacement object is generated for each sub-portion 
of the stream, corresponding to a time and/ or spatial segment 
of the stream. In other Words, each sub-portion of the video 
stream is represented in these embodiments, by at most tWo 
interchangeable blocks. In other embodiments of the inven 
tion, a plurality of replacement objects are generated for at 
least one of the sub-portions. The plurality of replacement 
objects optionally differ in their level of compression, result 
ing in different object siZes. 

[0022] In some embodiments of the invention, the multi 
plexer performs on the average a relatively large number of 
replacements of blocks in the video stream, for example at 
least 50, 100 or even 500 blocks on the average, every 
minute. In an exemplary embodiment of the invention, the 
multiplexer performs each minute, on the average, more 
than a thousand or even 3000 block replacements, for a 
single video stream. 

[0023] Alternatively to receiving a stream and replace 
ment blocks, the statistical multiplexer receives a plurality 
of interchangeable blocks, none of Which are organiZed into 
a stream, and generates from a sub-group of the received 
blocks a video stream of a desired siZe or rate. 

[0024] In some embodiments of the invention, the inter 
changeable blocks are generated, in What is referred to 
herein as a preprocessing stage, before any block represen 
tations of the video data they represent are received by the 
statistical multiplexer for real-time multiplexing. Optionally, 
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the interchangeable blocks are generated Well before the 
statistical multiplexing is carried out, for example at least an 
hour before the statistical multiplexing. In some embodi 
ments of the invention, the interchangeable blocks are used 
in statistical multiplexing onto a plurality of communication 
channels at a plurality of different times. Optionally, in some 
embodiments, at least some of the interchangeable blocks 
are stored by a storage unit before they are provided to one 
or more of the statistical multiplexers. 

[0025] In other embodiments of the invention, the inter 
changeable blocks are generated in real time, Within up to a 
feW seconds before the video stream is displayed to the 
clients. 

[0026] The interchangeable blocks are optionally gener 
ated by a different entity (e.g., located in a different housing) 
than the statistical multiplexer. In some embodiments of the 
invention, a preprocessing unit generating the blocks is 
located remote from a statistical multiplexer that uses the 
interchangeable blocks, for example distanced by more than 
at least 2, 10 or even 30 meters. Optionally, the statistical 
multiplexer is distanced from the preprocessing unit by at 
least 50 or even 100 meters. The preprocessed blocks are 
optionally stored by the preprocessing unit until the stream 
is requested by a client. 

[0027] The preprocessing stage is optionally performed by 
a single preprocessing unit, for a plurality of statistical 
multiplexers, optionally even for hundreds or thousands of 
statistical multiplexers. Performing the preprocessing in a 
different (e.g., central) location from the location of the 
statistical multiplexing, alloWs performing the generation of 
the replacement blocks once for a plurality of statistical 
multiplexers, While each local multiplexer performs a local 
compression based on its local channel conditions. In addi 
tion, in some embodiments of the invention, the same data 
is transmitted from the preprocessing unit to the multiplex 
ers, for example, on a shared communication channel (e.g., 
on an IP multicast channel), and there is no need to transmit 
separate streams to each of the multiplexers. 

[0028] In some embodiments of the invention, the inter 
changeable blocks are transmitted to the statistical multi 
plexers over a local area netWork (LAN) or a Wide area 
netWork (WAN). Optionally, the interchangeable blocks are 
transmitted to at least one of the statistical multiplexers over 
a Wireless link, for example a satellite communication link. 
Alternatively or additionally, the interchangeable blocks are 
transmitted to the statistical multiplexer using a packet based 
protocol, such as the IP protocol and/or the Ethernet proto 
col. 

[0029] In some embodiments of the invention, the replace 
ment is performed in a video representation protocol layer, 
optionally a compressed video protocol layer (e.g., ITU-T 
H.262, ITU-T H.264, WindoWs Media 9 coding, SMPTE 
VC-9). The video blocks are optionally transmitted to the 
statistical multiplexer in the video protocol layer, Without 
transport layer encapsulation. The statistical multiplexer 
optionally generates a video stream from the interchange 
able blocks it receives, according to the capacity of the 
channel it controls and then performs on the generated video 
stream loWer (e.g., transport) layer processing. The loWer 
layer processing includes, for example, encapsulating the 
video blocks into data packets of a loWer layer transport 
protocol, such as ITU-T H.222.0 PacketiZed Elementary 
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Stream (PBS) or ITU-T H.2220 Transport Stream (TS). 
Alternatively or additionally, the statistical multiplexer 
receives at least some of the video blocks encapsulated by a 
loWer layer protocol. For example, the statistical multiplexer 
may receive a video stream encapsulated by a loWer layer 
protocol together With replacement blocks in a video pro 
tocol layer, Without transport layer encapsulation. When 
replacement is required, the statistical multiplexer removes 
the loWer layer encapsulation, performs the replacement and 
re-encapsulates the video stream. 

[0030] Alternatively or additionally, the replacement is 
performed in a video transport protocol layer. Performing 
the replacement in the transport protocol layer makes the 
replacement a very simple and fast procedure, Which 
requires nearly no processing resources. In the transport 
protocol layer, the replacement relates to complete transport 
unit blocks, requiring nearly no adaptation due to the 
replacement. 

[0031] In some embodiments of the invention, the inter 
changeable video blocks comprise one or more complete 
media units of an underlying multimedia protocol, such as 
one or more video frames, slices and/or macro-blocks. 
Alternatively or additionally, the video blocks include one or 
more complete transmission units, such as MPEG-2 TS 
packets. 

[0032] The interchangeable blocks are optionally such that 
their replacement is seamless and does not include repetition 
of video content tWice or skipping of video content. 

[0033] The interchangeable blocks are optionally gener 
ated in a variable manner, such that different numbers of 
interchangeable blocks are generated for different portions 
of a preprocessed video media. This alloWs better utiliZation 
of the bandWidth of the communication channels in the 
statistical multiplexers, While not requiring too much addi 
tional storage, preprocessing resources and/or bandWidth 
betWeen the preprocessing unit and the statistical multi 
plexer. 

[0034] In some embodiments of the invention, a plurality 
of interchangeable blocks are generated only for some 
sub-portions of the video media, While other portions are 
represented only by a single block. For example, a plurality 
of interchangeable blocks may be generated only for 
B-frames, possibly only for some of the B-frames (e.g., less 
than 80% of the B-frames). 

[0035] Alternatively or additionally, the interchangeable 
blocks are generated for sub-portions of different siZes. 
Optionally, some interchangeable blocks represent a frame, 
While other interchangeable blocks represent less than a 
frame or more than a frame. 

[0036] Further alternatively or additionally, some sub 
por‘tions have more interchangeable blocks than other sub 
portions. 

[0037] Further alternatively or additionally, the relative 
siZes of the interchangeable blocks of different sub-portions 
are different. For example, some sub-portions may have 
compressed blocks having a siZe Which is about 60% of an 
uncompressed block, While other sub-portions have com 
pressed blocks Which have a siZe of 50% of the uncom 
pressed blocks. 
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[0038] In some embodiments of the invention, the prepro 
cessing of the video media enlarges the video media by less 
than 60%, 50%, 40% or even less than 30%. Optionally, the 
preprocessing adds to the bit rate of the video media less 
than 25%, less than 20% or even no more than 10%. In an 
exemplary embodiment of the invention, interchangeable 
blocks are generated only for about 50% of the bit stream 
(e.g., only for B-frames) and the interchangeable blocks 
include an original data block and a replacement block of 
half the siZe. Thus, the addition to the video media is 25%. 

[0039] In an exemplary embodiment of the invention, 
interchangeable blocks are generated for a variable bit rate 
video media only When the temporal bit rate of the video 
media exceeds a predetermined threshold (and therefore 
may need to be compressed by the statistical multiplexer). 

[0040] The interchangeable blocks optionally represent 
video data of up to about 5 seconds, optionally no more than 
1 or even 0.5 seconds. In some embodiments of the inven 
tion, replacement blocks include data of a single time point 
(e.g., relating to a single image or portion of a single image). 
Alternatively, interchangeable blocks With images of longer 
time spans (e.g., greater than 10 seconds) are used. 

[0041] An aspect of some embodiments of the invention 
relates to performing statistical multiplexing at least par 
tially by selection from interchangeable blocks at least some 
of Which have a siZe of at most a single frame. The term 
frame refers herein to a single picture from a video stream. 
In some embodiments of the invention, at least some of the 
interchangeable blocks are smaller than a single frame or 
even smaller than half a frame. In an exemplary embodiment 
of the invention, at least some of the interchangeable blocks 
are smaller than a tenth of a frame. Using such a small 
granularity achieves a higher multiplexed quality. 

[0042] An aspect of some embodiments of the invention 
relates to transmission of meta-data describing the structure 
of a data entity (e.g., a video stream) to a statistical multi 
plexer, Which supplies the video stream to one or more 
clients. The meta-data is used by the statistical multiplexer 
in ?tting the video stream onto a telecommunication channel 
controlled by the multiplexer, thus simplifying and speeding 
up the statistical multiplexing. 

[0043] Optionally, the meta-data is transmitted to the 
statistical multiplexer simultaneously With the video stream, 
for example on a same communication channel. Altema 
tively, the meta-data is transmitted to the multiplexer before 
the video stream and is optionally used in receiving the 
video stream or blocks from Which the video stream is 
reconstructed. 

[0044] In some embodiments of the invention, the meta 
data identi?es replaceable blocks Within the video stream 
and the blocks that can be used for their replacement. 
Optionally, the meta-data states the siZes of the replaceable 
blocks and their corresponding replacement blocks. The 
meta-data optionally also includes access information (e.g., 
pointers) to the replacement blocks. Alternatively or addi 
tionally, the meta data includes timing and/or siZe informa 
tion for sub-portions of the data entity. 

[0045] In some embodiments of the invention, the statis 
tical multiplexing is performed Without relation to the con 
tent of the interchangeable blocks. Alternatively, the statis 
tical multiplexer receives, for example in the meta-data, 
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information on the importance of each sub-portion of the 
stream, and uses this information in determining Which 
stream to compress and to What extent. For example, ads 
may receive different handling than movie content. 

[0046] An aspect of some embodiments of the invention 
relates to performing statistical multiplexing of a channel, 
by softWare running on a processor not designed speci?cally 
for statistical multiplexing (e.g., not including a dedicated 
ASIC or FPGA). 

[0047] While performing the statistical multiplexing in 
hardWare is faster, and therefore hardWare Was used here 
to-forth, the use of softWare is cheaper and therefore is 
considered WorthWhile although being sloWer. In some 
embodiments of the invention, the softWare statistical mul 
tiplexing is used for communication links of relatively 
limited capacity. Alternatively or additionally, softWare is 
used for statistical multiplexing Which is primarily per 
formed by selection from interchangeable blocks. 

[0048] An aspect of some embodiments of the invention 
relates to a statistical multiplexer (hardWare, ?rmWare and/ 
or softWare based) Which operates at a throughput of at least 
10 Gbits per second per standard rack unit (19 inch><l.75 
inch) of the statistical multiplexer. Optionally, the statistical 
multiplexer even has a throughput of at least 50 Gbits, 80 
Gbits or even 100 Gbits per second per rack unit. These high 
throughputs are optionally achieved by simplifying the 
statistical multiplexing, for example by implementing at 
least some of the statistical multiplexing using block selec 
tion from interchangeable blocks prepared in advance. 

[0049] The statistical multiplexing performed by the soft 
Ware includes receiving data representing a video channel 
and generating a standard video representation of the chan 
nel at a siZe that ?ts on the channel, optionally With other 
data that needs to pass on the channel. The received data 
may be in a standard video representation or may be in a 
proprietary format. 

[0050] In some embodiments of the invention, the statis 
tical multiplexing is achieved at a throughput of at least 1, 
5 or even 10 Gbits per second per processor. 

[0051] An aspect of some embodiments of the invention 
relates to statistical multiplexing by a Video on demand 
(VoD) server (e.g., VoD pump) or by a digital subscriber line 
access multiplexer (DSLAM). 

[0052] There is therefore provided in accordance With an 
exemplary embodiment of the invention, a method of dis 
tributed statistical multiplexing of video data, comprising 
generating a plurality of blocks forming a pre-processed 
video media corresponding to an original video media, the 
plurality of blocks including, for one or more sub-portions 
of the original video media, a plurality of interchangeable 
blocks that represent the sub-portion, transmitting at least 
some of the blocks to a multiplexer and reconstructing the 
video media by the multiplexer, from at least some of the 
transmitted blocks. 

[0053] Optionally, generating the pre-processed video 
media comprises generating a pre-processed video stream 
and a plurality of replacement blocks for one or more 
sub-portions of the video stream and Wherein transmitting 
the at least some of the blocks comprises transmitting the 
video stream and at least some of the replacement blocks. 
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Optionally, at least one of the replacement blocks is greater 
in siZe than its corresponding sub-portion of the video 
stream. Alternatively or additionally, at least one of the 
replacement blocks is smaller in siZe than its corresponding 
sub-portion of the video stream. Optionally, pre-processing 
the original video media comprises generating for at least 
one sub-portion, at least three interchangeable blocks. 
Optionally, pre-processing the original video media com 
prises generating a plurality of blocks for at least some 
sub-portions of the original video media and only a single 
block for one or more other sub-portions. 

[0054] Optionally, pre-processing the original video 
media comprises selecting sub-portions for Which a plurality 
of blocks are generated responsive to the types of frames to 
Which the sub-portions belong. Optionally, pre-processing 
the original video media comprises selecting sub-portions 
for Which a plurality of blocks are generated responsive to 
the locations Within a group of pictures GOP of frames to 
Which the sub-portions belong. 

[0055] Optionally, pre-processing the video media com 
prises selecting sub-portions for Which a plurality of blocks 
are generated responsive to the pixel values of the frames to 
Which the sub-portions belong. Optionally, pre-processing 
the video media comprises selecting sub-portions for Which 
a plurality of blocks are generated responsive to the extent 
of change in the sub-portion relative to neighboring images 
in the video stream. Optionally, pre-processing the video 
media comprises selecting sub-portions for Which a plurality 
of blocks are generated responsive to the complexity of the 
images in the vicinity of the sub-portion in the video stream. 
Optionally, transmitting at least some of the blocks to a 
multiplexer comprises transmitting all the generated blocks 
to the multiplexer. Alternatively or additionally, transmitting 
at least some of the blocks to a multiplexer comprises 
transmitting feWer than all the generated blocks to the 
multiplexer and/or retrieving the blocks selectively by the 
multiplexer. 

[0056] Optionally, transmitting at least some of the blocks 
to a multiplexer comprises fetching only blocks required by 
the multiplexer. Optionally, the method includes transmit 
ting a metadata description of the generated blocks to the 
multiplexer and fetching by the multiplexer based on the 
metadata. Optionally, fetching the required blocks com 
prises fetching responsive to the current capacity and load 
on a channel controlled by the multiplexer. Optionally, 
pre-processing the original video media comprises generat 
ing a plurality of blocks, and storing the blocks in a plurality 
of separate ?les. Optionally, transmitting at least some of the 
blocks to a multiplexer comprises pushing the blocks by a 
transmitter, to the multiplexer. 

[0057] Optionally, transmitting at least some of the blocks 
to a multiplexer comprises transmitting all the transmitted 
blocks of the video media on a single channel. Alternatively, 
transmitting at least some of the blocks to a multiplexer 
comprises transmitting the transmitted blocks of the video 
media on a plurality of channels. Optionally, transmitting at 
least some of the blocks to a multiplexer comprises trans 
mitting at least some of the transmitted blocks over a Local 
Area Network LAN and/ or over a Wide Area Network WAN 
or a Metropolitan Area NetWork MAN. Optionally, recon 
structing the video media comprises reconstructing respon 
sive to the current available bandWidth of a channel onto 
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Which the video media is forwarded and an amount of data, 
other than the video media, to be forwarded on the channel. 

[0058] Optionally, transmitting at least some of the blocks 
to a multiplexer comprises transmitting all the transmitted 
blocks from a same source. Optionally, transmitting at least 
some of the blocks to a multiplexer comprises transmitting 
the transmitted blocks from a plurality of separate sources. 
Optionally, all the blocks are generated before any of the 
blocks is transmitted to the multiplexer. 

[0059] Optionally, transmitting at least some of the blocks 
to a multiplexer comprises transmitting over a distance of at 
least 50 meters. Optionally, transmitting at least some of the 
blocks to a multiplexer comprises transmitting at least some 
of the blocks to at least ?ve different multiplexers. Option 
ally, transmitting at least some of the blocks to a multiplexer 
comprises transmitting the same blocks to a group of mul 
tiplexers, in a geographical location or distribution netWork 
that includes a plurality of multiplexers. Optionally, trans 
mitting at least some of the blocks to a multiplexer com 
prises transmitting dilferent subsets of blocks representing 
the original video media to different multiplexers. Option 
ally, the blocks are generated in real time, less than ?ve 
minutes before their transmission. Optionally, the blocks are 
generated in real time, less than ?ve minutes before the 
reconstruction of their respective sub-portion in the video 
media by the multiplexer. Optionally, the blocks are stored 
in one or more intermediate storage devices betWeen the 
pre-processing and the transmission. 

[0060] Optionally, the blocks are delivered from the inter 
mediate storage in accordance With a storage access proto 
col. Optionally, the blocks are generated at least an hour 
before the reconstruction of the video media by the multi 
plexer. Optionally, the blocks that can be used interchange 
ably to represent a sub-portion represent the same image 
content, but have different siZes. Optionally, at least some of 
the blocks that can be used interchangeably to represent a 
sub-portion represent different image content. Optionally, 
the blocks that can be used interchangeably to represent a 
sub-portion comprise blocks of a compressed video protocol 
layer, Without transport layer encapsulation. Optionally, the 
multiplexer receives at least some of the blocks Without 
transport layer encapsulation and adds transport layer encap 
sulation to these blocks after reconstruction. Optionally, the 
multiplexer receives at least some of the blocks With trans 
port layer encapsulation, removes the encapsulation, recon 
structs the video media and then adds transport layer encap 
sulation to the blocks. 

[0061] Optionally, at least some of the blocks that can be 
used interchangeably to represent a sub-portion comprise 
transport layer encapsulation. 

[0062] Optionally, at least some of the sub-portions of the 
video media include image data from a plurality of media 
units and Wherein for at least one sub-portion the data of at 
least one of the media units is the same for all the inter 
changeable blocks representing the sub-portion. 

[0063] Optionally, at least some of the blocks include one 
or more Whole image slices and/or one or more Whole image 
macro-blocks. Optionally, at least some of the blocks are 
smaller than a group of frames. Optionally, at least some of 
the blocks include one or more Whole images. Optionally, at 
least some of the blocks represent less than 5 seconds of 
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video data. Optionally, each of the blocks represents less 
than 5 seconds of video data. Optionally, for at least one 
sub-portion, the blocks that can be used interchangeably to 
represent a sub-portion comprise at least one media unit 
identical in all the blocks and at least one media unit that 
represented differently in the blocks. Optionally, the blocks 
that can be used interchangeably to represent a sub-portion 
comprise at least some blocks With transport layer encap 
sulation and at least some blocks Without transport layer 
encapsulation. Optionally, pre-processing the original video 
media comprises generating a plurality of blocks that are 
encrypted and a plurality of blocks that are not encrypted. 
Optionally, blocks of sub-portions having a plurality of 
interchangeable blocks are not encrypted. Optionally, pre 
processing the original video media is performed utiliZing 
both an unencrypted version of the video media and an 
encrypted version of the video media. Optionally, the blocks 
that can be used interchangeably are processed from the 
unencrypted copy of the video media. Optionally, the blocks 
that can be used interchangeably are selected such that they 
do not span over a crypto-period boundary of the encrypted 
video media. Optionally, substantially all the generated 
blocks are encrypted. 

[0064] There is further provided in accordance With an 
exemplary embodiment of the invention, a video prepro 
cessing unit, comprising an input interface for receiving 
video media, an output interface and a processor con?gured 
to receive a video media through the input interface, to 
generate a plurality of blocks forming the video media, the 
plurality of blocks including for one or more sub-portions of 
the video media a plurality of blocks that can be used 
interchangeably to represent the sub-portion, and to transmit 
at least some of the blocks through the output interface. 
Optionally, the processor is adapted to generate a metadata 
description of the generated blocks. 

[0065] There is further provided in accordance With an 
exemplary embodiment of the invention, a statistical mul 
tiplexer, comprising an input interface, an output interface 
leading to a communication channel and a processor con 
?gured to receive for a video media, a plurality of blocks 
including for one or more sub-portions of the video media a 
plurality of blocks that can be used interchangeably to 
represent the sub-portion, to select for each sub-portion a 
single block to represent the sub-portion, and to reconstruct 
a video stream from the selected blocks. 

[0066] There is further provided in accordance With an 
exemplary embodiment of the invention, a method of sta 
tistical multiplexing, comprising receiving a metadata 
record of a data entity, the metadata record describing a 
structure of the data entity, receiving blocks forming the data 
entity; and adjusting the bit rate or transmission timing of the 
data entity, utiliZing information in the metadata record. 

[0067] Optionally, the data entity comprises an audio 
media, a video media, a data ?le or data stream. Optionally, 
the metadata record identi?es sub-portions of the data entity 
for Which there are a plurality of interchangeable blocks. 
Optionally, the metadata record identi?es the siZes of the 
interchangeable blocks. Optionally, the metadata record 
identi?es the siZes of at least some of the blocks not included 
in the interchangeable blocks. Optionally, the metadata 
record identi?es the relative quality of the interchangeable 
blocks. Optionally, adjusting the bit rate or transmission 
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timing of the data entity comprises selecting one of the 
plurality of interchangeable blocks to represent a sub-por 
tion. Optionally, the metadata record indicates decoding 
times for sub-portions of the data entity. 

[0068] Optionally, the metadata record indicates fetching 
locations of portions of the data entity. Optionally, the 
metadata record indicates locations of sub-portions of the 
data entity relative to markers within the data entity. Option 
ally, receiving the blocks forming the data element com 
prises fetching required blocks based on information in the 
metadata. Optionally, receiving the blocks forming the data 
element comprises receiving the blocks together with the 
metadata. Optionally, adjusting the bit rate or transmission 
timing of the data entity comprises changing the siZe of one 
or more sub-portions of the data entity. Optionally, adjusting 
the bit rate or transmission timing of the data entity com 
prises changing the transmission time of one or more 
sub-portions of the data entity. Optionally, adjusting the bit 
rate of the data entity comprises controlling the transmission 
of the data entity onto a channel. 

[0069] Optionally, the metadata record indicates decoding 
times of corresponding sub-portions of the blocks. Option 
ally, receiving the metadata comprises receiving each por 
tion of the metadata at least ?ve seconds before receiving the 
blocks described by the metadata. Optionally, the metadata 
record identi?es relative locations of MPEG-2 Video picture 
header ?elds in the blocks. Optionally, the metadata record 
identi?es the frame types of corresponding frames of the 
blocks. Optionally, the blocks comprise MPEG-2 blocks and 
wherein the metadata record identi?es the relative locations 
of Program Clock Reference (PCR) entries of the blocks. 
Optionally, adjusting the bit rate or transmission timing of 
the data entity, utiliZing information in the metadata record 
comprises completing utiliZation of information in the meta 
data record on at least some sub-portions of the data at least 
10 seconds before receiving the data portion. 

[0070] There is further provided in accordance with an 
exemplary embodiment of the invention, a method of gen 
erating a metadata record for a video media, comprising 
receiving a video media, generating, for one or more sub 
portions of the record, a plurality of interchangeable blocks, 
which can be used interchangeably to represent the sub 
portion in reconstructing the video media and generating a 
metadata record which identi?es one or more attribute of 
each of the interchangeable blocks. 

[0071] Optionally, generating the metadata record com 
prises identifying for each of the blocks a siZe of the block 
and/or a degradation score of the video media due to the 
compression of the sub-portion of the block. 

[0072] There is further provided in accordance with an 
exemplary embodiment of the invention, a method of dis 
tributed statistical multiplexing of video data, comprising 
generating a plurality of blocks forming a pre-processed 
video media corresponding to an original video media, the 
plurality of blocks including, for one or more sub-portions 
of the original video media, a plurality of interchangeable 
blocks that represent the sub-portion, transmitting at least 
some of the blocks to at least one multiplexer; and recon 
structing the video media by the at least one multiplexer, 
from at least some of the transmitted blocks, at least some 
of the blocks represent not more than a single frame of the 
video media. Optionally, at least some of the blocks repre 
sent less than a single frame of the video media. 
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[0073] There is further provided in accordance with an 
exemplary embodiment of the invention, a statistical mul 
tiplexer, comprising an input interface connected to a com 
munication link, an output interface leading to one or more 
communication channels; and at least one processor con?g 
ured in software to receive a video media, through the input 
interface and statistically multiplexing the video media onto 
the one or more communication channels, at a rate of at least 
1 Gbps, per rack unit. 

[0074] Optionally, the at least one processor is included 
within a single housing with a video on demand server. 
Optionally, the at least one processor is con?gured to operate 
as a video on demand server. Alternatively or additionally, 
the at least one processor is included within a single housing 
with a DSLAM. Optionally, the at least one processor shares 
one or more of a backplane bus, power source, memory 
storage unit, external communication interface and shared 
management with a VoD server or a DSLAM. 

BRIEF DESCRIPTION OF FIGURES 

[0075] Exemplary non-limiting embodiments of the 
invention will be described with reference to the following 
description of embodiments in conjunction with the ?gures. 
Identical structures, elements or parts which appear in more 
than one ?gure are preferably labeled with a same or similar 
number in all the ?gures in which they appear, in which: 

[0076] FIG. 1 is a schematic illustration of a video deliv 
ery system, in accordance with an exemplary embodiment of 
the invention; 

[0077] FIG. 2 is a ?owchart of acts performed by a 
preprocessing unit in preparing a video stream for compres 
sion, in accordance with an exemplary embodiment of the 
invention; 
[0078] FIG. 3 is a schematic illustration of a portion of a 
video stream, with identi?ed replaceable sub-portions, in 
accordance with an exemplary embodiment of the invention; 

[0079] FIG. 4 is a ?owchart of acts performed in deter 
mining replaceable sub-portions, in accordance with an 
exemplary embodiment of the invention; 

[0080] FIG. 5 is a ?owchart of acts performed by a 
peripheral multiplexing unit, in accordance with an exem 
plary embodiment of the invention; and 

[0081] FIG. 6 is a schematic illustration of a portion of a 
video stream, with identi?ed replaceable sub-portions, in 
accordance with an exemplary embodiment of the invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0082] FIG. 1 is a schematic illustration of a video deliv 
ery system 100, in accordance with an exemplary embodi 
ment of the invention. System 100 includes a preprocessing 
unit 102 which receives video streams and prepares them for 
statistical multiplexing. In some embodiments of the inven 
tion, preprocessing unit 102 receives real time video streams 
132, which are being transferred to clients 150. In an 
exemplary embodiment of the invention, clients 150 are 
home television sets connected through cable networks to 
video on demand (Vod) movie servers. The statistical mul 
tiplexing allows transmission of a larger number of video 
movies to clients 150, by lowering the bandwidth allocated 
to each video stream to an average value, rather than a 
maximal value. 
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[0083] The real time video streams may be received from 
substantially any source, including live production cameras 
(not shoWn) and broadcast sources (not shoWn) outside of 
system 100. The real time streams may be received through 
a satellite dish 104 or any other delivery netWork (e.g., 
Ethernet, optical ?ber). Alternatively or additionally to 
receiving real time video streams 132, preprocessing unit 
102 receives video ?les 134 from a storage unit, such as a 
video movie bank 106. 

[0084] Preprocessing unit 102 performs preliminary com 
pression on the video streams 132 and/or ?les 134 it 
receives. Real time preprocessed streams 120 are passed 
directly to peripheral statistical multiplexers 112, Which 
transfer the video streams to clients 150. The resultant 
preprocessed streams from preprocessing unit 102 are 
optionally provided to multiplexers 112 With replacement 
objects, as explained hereinbeloW in detail. A preprocessed 
stream and its replacement objects are referred to together as 
a preprocessed video media. 

[0085] Non real-time video streams 122 (e.g., prestored 
movies for video on demand) handled by preprocessing unit 
102 are optionally passed for storage to an intermediate 
storage unit 110. Alternatively, the preprocessed video 
streams are returned to video movie bank 106 for further 
storage, and are transported directly to the multiplexer 112, 
on demand, i.e., the tasks of intermediate storage unit 110 
and video movie bank 106 are carried out by the same entity. 
Although only a single storage unit 110 is shoWn, system 
100 may include many storage units 110 Which host different 
preprocessed video streams. Alternatively or additionally, 
the different storage units 110 store different portions of a 
single video media, in order to alloW faster fetching of the 
video stream. Further alternatively or additionally, at least 
some of the video media are stored on a plurality of storage 
units 110 for performance and/or redundancy purposes. The 
different copies of the video media may be identical or may 
differ in the pre-processing level they underwent. 

[0086] Each statistical multiplexer 112 optionally controls 
the How of signals on one or more communication channels 
142 leading to clients 150. For each communication channel 
142, peripheral multiplexers 112 statistically multiplex the 
preprocessed streams 120 and 122 (Which upon retrieval are 
marked 128), so as to ?t into the communication channel 
142 leading to the client (or clients), as described beloW With 
reference to FIG. 5. In some embodiments of the invention, 
a plurality of statistical multiplexers 112 mutually feed a 
single communication channel 142 leading to clients 150, 
each statistical multiplexer controlling a portion of the 
signals that How to the communication channel. 

[0087] In operation, each multiplexer 112 optionally 
receives requests for video streams from the clients 150 it 
services, from a resource manager 160 and/or in any other 
Way. Multiplexer 112 retrieves preprocessed versions of the 
requested video streams from storage unit 110 and/or 
receives real time preprocessed video streams 120 from 
preprocessing unit 102. When a non real time video stream 
122 is requested by a client 150, a peripheral multiplexer 112 
servicing the client retrieves the corresponding preprocessed 
video stream 128, When available, from storage unit 110. 
When not available in storage unit 110, the requested video 
stream is optionally retrieved from its source (e.g., bank 
106) through preprocessing unit 102 and handled as if it is 

Aug. 31, 2006 

a real time video stream. Alternatively or additionally, one or 
more video streams 122 may be supplied directly to multi 
plexers 112, Without undergoing preprocessing. Multiplex 
ers 112 statistically multiplex such streams, Which Were not 
preprocessed in accordance With an embodiment of the 
invention, using any methods knoWn in the art. 

[0088] Multiplexer 112 optionally receives the prepro 
cessed video streams 120 and 128 using any transmission 
method knoWn in the art, including streaming, in Which 
multiplexer 112 is passive, and fetching, in Which multi 
plexer 112 actively requests the portions of the stream. 
Optionally, statistical multiplexers 112 are noti?ed by 
resource manager 160 When they are to handle an additional 
stream and/or When a stream they are handling and/or have 
handled is terminated. Alternatively, multiplexers 112 detect 
When streams end or begin, using any method knoWn in the 
art. 

[0089] Multiplexer 112 optionally has a limited storage 
space, performing the statistical multiplexing in real time, 
based on data streamed from storage unit 110. Alternatively, 
multiplexer 112 has a large storage space, for example for 
storing the replacement objects of a large portion of a video 
stream or even of all the replacement objects of a video 
stream. 

[0090] Communication channels 142 may include sub 
stantially any type of telecommunication channel, such as, 
for example, an HFC netWork QAM channel, a copper DSL 
line (e.g., ADSL) or a shared backbone of an FTTP PON. 

[0091] FIG. 2 is a ?owchart of acts performed by prepro 
cessing unit 102 in preparing a video stream for statistical 
multiplexing, in accordance With an exemplary embodiment 
of the invention. Preprocessing unit 102 receives (200) the 
video stream (or other video media, e.g., a video ?le) and 
detects (202) video presentation units, referred to herein as 
access units AU, in the stream. The access units (AUs) are 
optionally coded representations that correspond to a single 
decoded picture of the video stream. In some embodiments 
of the invention, the access units include video frames 
accompanied by timing information, such as described in the 
ITU-T H2220 recommendation. For each access unit, pre 
processing unit 102 determines (204) Whether replacement 
objects should be generated for one or more media units or 
sequences of media units of the access unit. Media units or 
sequences of media units for Which replacement objects 
Were determined (204) to be generated are referred to herein 
as replaceable sub-portions. For each of the replaceable 
sub-portions, one or more compressed replacement objects 
are generated (206). A metadata entry is generated (208) for 
the access unit, listing, for example, block siZe and timing 
information for the access unit, for its replaceable sub 
portions (if any) and/or for the replacement objects gener 
ated for the replaceable sub-portions. 

[0092] In some embodiments of the invention, the video 
stream supplied to multiplexer 112 remains, during the 
preprocessing, substantially as it Was received, Without 
changes. In other embodiments of the invention, the video 
stream is reconstructed (210), as discussed in detail beloW. 
In still other embodiments of the invention, the video stream 
is not supplied to multiplexers 112 as a video stream, per se, 
but rather, a plurality of blocks, from Which the multiplexer 
chooses the blocks it needs in order to reconstruct the video 
stream, are provided to the multiplexers. The term inter 
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changeable blocks is used to encompass blocks representing 
the same sub-portion in any of these cases, including both 
cases in Which a stream and replacement blocks are provided 
and cases in Which a stream is not provided to multiplexers 
112. 

[0093] The video stream and the metadata, are optionally 
packaged (212) together With the replacement objects for 
delivery to peripheral multiplexers 112. In real time prepro 
cessing of a video stream, the packaged data is transferred 
according to the timing constraints of the real-time trans 
mission, to its destination (e.g., peripheral multiplexers 112 
designated to receive the video stream or a storage unit 
designated to have the stream available for doWnload Within 
a predetermined time from its reception). In non real time 
preprocessing, the packaged data is optionally stored in 
intermediate storage unit 110. The packaging (212) together 
of the video stream, metadata and replacement objects 
optionally includes simple concatenation Without further 
compression or encoding. Alternatively, the packaging (212) 
includes compressing and/or encoding together of portions 
of the packaged data in order to reduce the volume of the 
preprocessed video media. Optionally, in this alternative, the 
encoding is relatively simple so as not to add to the pro 
cessing burden of multiplexers 112. 

[0094] Referring in detail to receiving (200) the video 
stream, in some embodiments of the invention, for example 
When the preprocessing is performed in real-time, the video 
stream is streamed to preprocessing unit 102 at a predeter 
mined rate and/or according to any other multicast or 
streaming rules. Alternatively, the preprocessing unit 102 
fetches the video stream. 

[0095] In some embodiments of the invention, the video 
stream is received With loW protocol layer encapsulation 
(e.g., MPEG-2 transport stream (TS) packets), optionally in 
a legal format in Which the stream is provided to clients 150. 
In some embodiments of the invention, the replacement 
objects and the replaceable sub-portions do not include loW 
layer encapsulation. Pre-processing unit 102 optionally 
removes the loW layer encapsulation, before proceeding 
With the pre-processing. Alternatively, the video stream is 
received by pre-processing unit 102 Without loW layer 
encapsulation. In other embodiments of the invention, dis 
cussed beloW With reference to FIG. 6, the replacement 
objects and the replaceable sub-portions include loW layer 
encapsulation. Further alternatively, interchangeable blocks 
of some sub-portions are generated With loW layer encap 
sulation, While interchangeable blocks of other sub-portions 
are generated Without loW layer encapsulation. For example, 
interchangeable blocks of sub-portions of the siZe of a 
complete frame are generated With loW layer encapsulation, 
While interchangeable blocks of smaller sub-portions are 
generated Without loW layer encapsulation. 

[0096] FIG. 3 is a schematic illustration of a portion of a 
video stream 300, With identi?ed replaceable sub-portions 
302 (marked 302A, 302B, 302C, etc.), in accordance With an 
exemplary embodiment of the invention. Video stream 300 
is formed of a sequence of access units 306, corresponding 
to frames of the video stream. Each access unit 306 is 
formed of smaller media units 304, Which optionally serve 
as the smallest units to Which the pre-processing relates 
separately. Media units 304 may be, for example, sequences 
of video slices, video slices (e.g., MPEG-2 video slices), 
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sequences of 2-5 macro-blocks or even single macro-blocks. 
In some embodiments of the invention, each access unit 306 
(e.g., video frame) is a single media unit 304. 

[0097] The siZe of the media units 304 used is optionally 
selected as a compromise betWeen using large media units 
304 for simplicity and using small media units 304 Which 
alloW more ?exibility. In FIG. 3, access units 306 are shoWn 
for simplicity of the ?gure as including betWeen about 5-8 
media units 304. It is noted, hoWever, that the access units 
306 may include substantially any number of media units, 
from 1 to thousands or even more, depending on hoW ?nely 
the AUs are divided to de?ne the media units 304. 

[0098] In some embodiments of the invention, replaceable 
sub-portions 302 all include a same number of media units 
304. It is noted, hoWever, that different media units 304 may 
be of different siZes, as is knoWn in the art. Alternatively, as 
shoWn in FIG. 3, different sub-portions 302 may include 
different numbers of media units 304. The inclusion of 
different numbers of media units 304 provides more ?ex 
ibility in performing the statistical multiplexing by multi 
plexers 112. 

[0099] In some embodiments of the invention, all of media 
units 304 in some or all of access units 306, are included in 
sub-portions 302, thus providing maximal ?exibility to the 
statistical multiplexing. Alternatively, only some of media 
units 304 are included in sub-portions 302, for example 
those media units 304 that can be compressed With relatively 
loW degradation. 

[0100] Sub-portions 302 may include a plurality of media 
units 304 or may include only a single media unit 304. In 
some embodiments of the invention, sub-portions 302 are 
alWays included in (or entirely include) an access unit 306. 
Alternatively, a sub-portion 302 may be relatively large and 
span over a plurality of access units 306. For example, a 
sub-portion 302 may include an entire group of pictures 
(GOP). Further alternatively or additionally, one or more 
sub-portions 302 may begin or end in the middle of an 
access unit 306. For example, a sub-portion 302 may be 
smaller than a single average access unit, but range over a 
border betWeen tWo access units. 

[0101] FIG. 3 further shoWs replacement objects 312 
(numbered 312A, 312B, 312C, etc), generated for the 
replacement sub-portions 302. It is noted that replacement 
objects 312 and sub-portions 302 having the same letter do 
not necessarily correspond. For sub-portion 302A, tWo 
replacement objects 312A and 312B are shoWn, object 312B 
being more compressed than object 312A. For sub-portions 
302B, 302D and 302E only a single replacement object is 
shoWn. 

[0102] Referring in detail to determining (204) replace 
able sub-portions 302 for Which replacement objects 312 are 
generated, in some embodiments of the invention, the deter 
mination includes ?nding sub-portions Which can be 
replaced seamlessly by compressed replacement objects in a 
manner Which results in a syntactically legal stream that can 
be decoded by clients 150. In some embodiments of the 
invention, the determination of sub-portions takes into 
account scrambling and/or encryption of the video stream, 
such that if the sub-portion is replaced by a replacement 
object, the video stream can still be able to be unscrambled 
and decrypted. 
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[0103] In some embodiments of the invention, for sim 
plicity, the media units 304 included in sub-portions 302 are 
selected according to a predetermined pattern. For example, 
for every ?ve consecutive media units 304, three media units 
304 are taken to form a sub-portion 302 and the remaining 
tWo media units are not included in a sub-portion 302. 

[0104] In other embodiments of the invention, the media 
units 304 included in sub-portions 302 are selected in a 
manner Which minimiZes the quality degradation of the 
video stream, if compressed replacement blocks are to be 
used. An exemplary method for determining (204) replace 
able sub-portions 302 is noW described With reference to 
FIG. 4. 

[0105] FIG. 4 is a ?owchart of acts performed in deter 
mining (204) replaceable sub-portions, in accordance With 
an exemplary embodiment of the invention. Desired 
attributes of the resultant video media and/or of the com 
pression process are optionally selected (402), as discussed 
beloW. 

[0106] Each access unit is optionally broken up (404) into 
smallest media units 304 to Which the pre-processing relates. 
In some embodiments of the invention, for each smallest 
media unit 304, pre-processing unit 102 determines (406) 
Whether the media unit can serve as a replaceable portion 
and/ or estimates (408), or calculates, the quality degradation 
and/or compression Which is achievable by replacement 
objects for the media units 304 and/or sequences of media 
units 304. Pre-processing unit 102 then selects (410) a 
required number of replaceable sub-portions meeting the 
selected (402) attributes. 

[0107] In some embodiments of the invention, each media 
unit 304 is assigned a score indicative of its ?tness to belong 
to replaceable sub-portion 302. Without loss of generality, 
higher scores are indicative of better ?tness to be included 
in a sub-portion. Optionally, the score depends on the 
expected degradation due to replacement of the media unit 
304 by a compressed version thereof. In some embodiments 
of the invention, the score depends on a gain ratio betWeen 
the expected degradation and the compression gain. The 
gain ratio is optionally estimated for a predetermined com 
pression ratio (e.g., 20%) or for a plurality of different 
compression ratios. Alternatively or additionally, the degra 
dation is estimated based on the type of the frame to Which 
the media unit belongs. Optionally, in accordance With this 
alternative, the score assigned to each media unit depends on 
Whether the frame is a B-frame (bidirectional frame), a 
P-frame (predictive frame) or an I-frame (intra frame). 
B-frames are optionally given a highest score, as compres 
sion of the B-frames does not affect other frames of the 
stream, While I-frames are given a loWest score, as the 
I-frames affect all the frames in their group of pictures 
(GOP). Accordingly, most sub-portions 302 Will be in 
B-frames and possibly P-frames and less commonly or not 
at all in I-frames. Alternatively or additionally, higher scores 
are assigned to media units 304 in frames toWard the end of 
a group of pictures, as they affect feWer frames in the GOP. 

[0108] Alternatively or additionally, the score that indi 
cates ?tness for being included in a replaceable sub-portion 
302 depends on the video content (i.e., the pixel values) of 
the current video frame. Optionally, frames having a com 
plex video content (i.e., high spatial activity) are given a loW 
score. Alternatively or additionally, When the current video 
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frame is substantially different from preceding or folloWing 
video frames (i.e., the frame time locality has high temporal 
activity), a high ?tness score is assigned to the media units 
304 in the frame. In some embodiments of the invention, the 
score of each media unit 304 depends on the average 
luminance of the frame containing the media unit, for 
example giving a higher score to objects Which are darker. 

[0109] Alternatively to relating to an entire frame in 
determining the effect of the video content on the score, 
different portions of a single frame have scores that are 
affected differently according to their video content. For 
example, background areas of the frame may receive a ?rst 
score, While detail areas of the same frame receive a second 
score different from the ?rst. 

[0110] The scores of the media units 304 optionally 
depend only on the media units themselves. Alternatively, 
the scores of the media units 304 are adjusted according to 
the scores of their neighboring media units, so that at least 
some of the replaceable sub-portions 302 Will include a 
sequence of media units 304 rather than an isolated media 
unit 304. In some embodiments of the invention, the scores 
are allocated in a manner Which gives preference to a media 
unit 304 being included in a sub-portion 302 if its neighbors 
are included in a sub-portion, so that at least some of the 
sub-portions are relatively large. Alternatively, higher scores 
are given to media units 304 Whose neighbors have loW 
scores, so that the replaceable sub-portions 302 (and hence 
the degradation they may cause to the video stream) are 
distributed over the video stream. 

[0111] The media units 304 having a highest score are 
optionally included in sub-portions 302. In accordance With 
this option, different access units 306 have different percent 
ages of media units 304 included in sub-portions 302, so that 
the best sub-portions 302 are chosen regardless of their 
density in access units 306. Alternatively, for each access 
unit 306 or group of access units 306, a predetermined 
number of media units 304 that have highest scores are 
included in sub-portions 302, so that the video stream can be 
easily reduced in siZe by the statistical multiplexer 112 at a 
?xed rate. In accordance With this alternative, the number of 
media units 304 that are included in sub-portions 302 in each 
access unit 306, is optionally substantially the same for all 
access units 306. Further alternatively or additionally, the 
number of media units 304 included in replaceable sub 
portions 302 of an access unit 306 depends on the type of the 
frame of the access unit. 

[0112] Non-neighboring selected media units 304 are 
optionally de?ned separately as sub-portions 302, While 
neighboring selected media units are optionally combined 
into large sub-portions. Alternatively, for each group of 
neighboring media units 304, pre-processing unit 102 deter 
mines Whether it is better to combine them together into a 
single sub-portion 302 or to include them in a plurality of 
separate sub-portions 302, for example based on the selected 
(402) attribute values of the video stream. 

[0113] Further alternatively or additionally, after a deter 
mination of Which blocks are included in sub-portions 302 
is performed for each media unit 304, the determinations are 
revisited based on the spatial and/ or temporal distribution of 
the selected media units 304 in the access unit 306 or in a 
sequence of access units. For example, stand alone selected 
media units 304 determined to form sub-portions 302 may 
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be replaced by non-selected media units 304 neighboring 
other selected media units 304. Alternatively, a plurality of 
scattered sub-portions 302 is preferred over one or more 
sub-portions 302 formed of more closely gathered media 
units 304, as a same compression rate causes more video 
quality degradation When consecutive media units 304 are 
compressed. 

[0114] In an exemplary embodiment of the invention, for 
each access unit 306, a compression of up to 25% needs to 
be alloWed for, While alloWing also for loWer (e.g., 10%, 
20%) compression rates. In each access unit 306, slices 
Which can achieve at least 30% compression While not 
exceeding a threshold degradation level, are selected (410) 
to be tentative replaceable sub-portions. About half the 
selected slices are used on their oWn as replaceable sub 
portions, While the other half are combined together to form 
relatively large replaceable sub-portions. 

[0115] Alternatively to breaking up (404) the access units 
into smallest media units 304, the determining (204) of 
replaceable sub-portions 302 is ?rst performed for relatively 
large units (e.g., entire access units, slices). Only if the large 
units are determined to be unsuitable sub-portions 302, is a 
determination at a loWer scale performed. Further alterna 
tively or additionally, in some portions of the video stream, 
large media units are used, While in other portions of the 
video stream, smaller media units are used, for example 
depending on the picture complexity of the images of the 
video stream. 

[0116] Optionally, the rules governing the identi?cation of 
sub-portions 302 are substantially the same for all video 
streams. Alternatively, the rules governing the identi?cation 
of sub-portions 302 are selected for each video stream 
separately, for example according to a quality rating of the 
video stream. For example, video streams having a high 
quality rating (e.g., video streams Whose producers pay a 
premium for the video stream being supplied at a high 
quality) optionally have relatively small sub-portions 302 
and/or replacement objects 312 of only slight compression, 
as the replacement required for these video streams Will 
generally be limited. 

[0117] In some embodiments of the invention, the deter 
mination (204) of replaceable sub-portions 302 is based on 
the current bit rate of the stream. For example, if the current 
bit rate of the stream is relatively high, larger replaceable 
sub-portions 302 are optionally chosen, sub-portions 302 are 
selected more frequently in the stream and/or the replace 
ment objects 312 of the sub-portions 302 are generated With 
a relatively high compression rate. 

Encryption 

[0118] In some embodiments of the invention, the video 
stream is provided to clients 150 unencrypted. In other 
embodiments of the invention, the video stream is provided 
to preprocessing unit 102 partially encrypted. Sub-portions 
302 for Which replacement blocks are generated are option 
ally selected only from portions of the stream Which are 
unencrypted. The encryption is optionally applied to a 
minimal percentage of the video stream, Which is suf?cient 
to prevent unauthorized utiliZation of the video, While alloW 
ing preprocessing unit 102 to perform the preprocessing 
Without dealing With encrypted portions. In an exemplary 
embodiment of the invention, less than 30%, or even less 
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than 20%, of the received stream is encrypted. In some 
embodiments of the invention, at least 5% or even at least 
10% of the stream is encrypted. 

[0119] In still other embodiments of the invention, pre 
processing unit 102 receives the video stream in both an 
encrypted and a non-encrypted version. The pre-processing 
is performed on the non-encrypted version. In the resultant 
preprocessed video media, those portions for Which replace 
ment blocks are generated are included unencrypted, While 
portions for Which replacement blocks are not generated are 
taken from the encrypted version. In determining (204) 
sub-portions 302, pre-processor 102 is optionally careful not 
to de?ne sub-portions that span over a crypto-period (i.e., a 
time span over Which a speci?c encryption key is autho 
riZed) border betWeen different encryption code periods. 

[0120] Alternatively or additionally, one or more of the 
interchangeable blocks of a single sub-portion are 
encrypted, While one or more other blocks are not encrypted. 
The encryption used in accordance With this alternative is 
optionally such that does not have a dependency betWeen the 
encryption of neighboring blocks. 

[0121] In still other embodiments of the invention, the 
encryption is performed after the pre-processing and before 
the preprocessed video media is provided to multiplexers 
112. The same encryption key is used for all the interchange 
able blocks of a single sub-portion, such that regardless of 
Which block is provided to the client, the client Will be able 
to decrypt the stream. Optionally, if the encryption is per 
formed also on transport layer encapsulation of the video 
data, the sub-portions are selected as including only full 
encryption units. 

Attribute Selection 

[0122] In some embodiments of the invention, the 
attribute selection (402) is based on user con?guration. 
Alternatively or additionally, the attribute selection (402) is 
performed responsive to feedback from multiplexers 112, as 
discussed in detail beloW. In some embodiments of the 
invention, the attributes of the video stream and/or of the 
compression process are adjusted dynamically, for example 
according to the type of video stream (e.g., sports, neWs, 
movie) and/or the number of vieWers of the video stream. 

[0123] The attributes selected (402) optionally include 
parameters of the selection of sub-portions and/or of gen 
eration of replacement objects 312. In some embodiments of 
the invention, the selected attributes include the bit rate 
range betWeen a most compressed version of the video 
stream and a most expanded version of the video stream. In 
some embodiments of the invention, the selected attributes 
include a maximal alloWed visual degradation of the result 
ant video stream. The selected attributes optionally also 
include a minimal and/or average siZe of replaceable sub 
portions (e.g., at least 2 MPEG-2 video slices) and/or a 
desired distribution of replaceable sub-portions of different 
siZes. In some embodiments of the invention, the selected 
attributes of the video stream include the siZe of media units 
304 to be used, the kind of the media units 304 (e.g., frame, 
slice, sequence of micro-blocks) and/or the average number 
of media units 304 to be included in sub-portions 302, in 
each access unit 306. The attributes optionally include 
Whether it is desired to have the sub-portions 302 concen 
trated Within access unit 306 or distributed Within access 
unit 306. 
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[0124] Other attributes Which are selected, in some 
embodiments of the invention, include a Weighting scheme 
used in assigning scores to the access units 306 and/ or media 
units 304 of the stream, the scores indicating the desirability 
of including sub-portions 302 in the access unit 306 and/or 
of including the media units 304 in replaceable sub-portions 
302. 

[0125] In some embodiments of the invention, real-time 
and non-real time pre-processing use the same processing 
attributes. Alternatively, real-time pre-processing uses 
attributes Which are selected to meet the constraints of the 
available processing resources, While non-real time pre 
processing uses attributes directed at achieving more opti 
mal pre-processed video media, achieving better statistical 
multiplexing and/or less quality degradation. For example, 
in real time preprocessing, preprocessing unit 102 may make 
decisions based on shorter video stream portions and/or 
larger media units 304 may be used. In some embodiments 
of the invention, in real time processing, short cut heuristics 
are used in selecting best options to be used (e.g., selection 
of sub-portions), While in non real time pre-processing, 
exhaustive examination of the possibilities is optionally 
performed, When possible. 
[0126] In real time pre-processing, the time from When 
multiplexer 112 is instructed to provide a video stream until 
client 150 begins to receive the stream is optionally shorter 
than 60 seconds or even shorter than 10 seconds. The time 
betWeen preprocessing the real time stream and providing 
the stream to the client is optionally shorter than 5 seconds, 
or even shorter than 3 seconds. The time betWeen receiving 
a sub-portion of a stream by multiplexer 112 and receiving 
the sub-portion by client 150 is optionally shorter than 1000 
milliseconds or even shorter than 500 milliseconds. In some 

embodiments of the invention, the time betWeen receiving a 
sub-portion of a stream by multiplexer 112 and receiving the 
sub-portion by client 150 is shorter than 100 milliseconds. 

[0127] Referring in detail to generation (206) of the 
replacement objects, in some embodiments of the invention, 
the replacement objects represent the same media content as 
the original sub-portions. Optionally, the replacement 
objects are more compressed forms of the original sub 
por‘tions 302. Alternatively, one or more replacement objects 
include enhanced (i.e., less compressed) forms of the respec 
tive sub-portions in the resultant preprocessed stream, as 
discussed beloW. Alternatively or additionally, in some 
cases, the replacement objects represent different data than 
the replaceable sub-portions. For example, the replacement 
objects may include an apology notice and/or advertise 
ments. 

[0128] In some embodiments of the invention, the replace 
ment objects (or more compressed sub-portions) are com 
pressed from the respective sub-portions 302 using re 
quantiZation of the DCT coef?cients of the original video 
content of sub-portions 302. In some embodiments of the 
invention, open-loop re-quantiZation is used. In other 
embodiments of the invention, re-quantiZation is performed 
together With motion compensation. Alternatively, the com 
pression performed includes full decoding and re-encoding 
of the sub-portions. Further alternatively, any other com 
pression method Which does not interfere With the decoding 
may be used. 

[0129] Optionally, for each sub-portion 302, a single 
replacement object is generated. The compression ratio of 
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the replacement object (or compressed sub-portions) relative 
to the original sub-portion is optionally selected according to 
the most probable required bandWidth reduction. Altema 
tively or additionally, the compression ratio used is the 
loWest lossy compression ratio Which achieves a suf?cient 
bit rate reduction if all the replaceable sub-portions 302 of 
the stream are replaced by their respective replacement 
objects. Further alternatively or additionally, the compres 
sion ratio used is that Which achieves a best ratio betWeen 
quality loss and bit rate saving. In some embodiments of the 
invention, all the replacement objects of a single video 
stream use substantially the same compression ratio. Alter 
natively, different compression ratios are used for different 
replacement objects of the same stream, in order to alloW 
multiplexers 112 more ?exibility. 

[0130] Alternatively to generating a single replacement 
object for each sub portion 302, more than one replacement 
object is generated for some or all of sub-portions 302, in 
order to alloW more ?exibility to multiplexers 112. The 
number of replacement objects generated for a single sub 
portion 302 is optionally selected based on a tradeolf 
betWeen processing poWer required by preprocessing unit 
102 and netWork bandWidth for transmission from prepro 
cessing unit 102 to multiplexers 112, on the one hand, and 
video quality (e.g., ?ner bit rate regulation) and/or process 
ing poWer of statistical multiplexers 112 on the other hand. 

[0131] For example, for video streams not requiring real 
time preprocessing, more replacement objects may be gen 
erated than for real time streams. In some embodiments of 
the invention, the number of replacement objects generated 
also depends on the available storage capacity and/or storage 
costs. 

[0132] In some embodiments of the invention, the number 
of replacement objects 312 generated for a single sub 
portion 302 is user con?gurable. Alternatively or addition 
ally, When the pre-processing is performed in real-time, the 
number of replacement objects for a single sub-portion 302 
is adjusted dynamically based on feedback from multiplex 
ers 112. For example, When a multiplexer 112 determines 
that it uses replacement objects substantially smaller than it 
needs (i.e., some of the bandWidth of its controlled channel 
142 is not used), the multiplexer 112 sends a control 
message to pre-processing unit 102 requesting to increase 
the siZe of the replacement objects, by providing less com 
pressed replacement objects. If requests are received from at 
least a predetermined number of multiplexers 112, prepro 
cessing unit 102 automatically increases the number of 
replacement objects 312 it produces for at least some of 
sub-portions 302, When possible, thus alloWing for more 
freedom in the statistical multiplexing. The number of 
generated replacement objects 312 is optionally decreased 
When control messages are not received from multiplexers 
112. 

[0133] The control messages are optionally transmitted 
from multiplexers 112 to preprocessing unit 102 through a 
resource management sub-system. Alternatively, any other 
method is used to provide the feedback. 

[0134] Feedback from multiplexers 112 may determine 
other parameters of the generation of replacement objects 
312 and/or the selection of sub-portions 302, such as the 
maximal (or minimal) compression ratio to be provided. 
Alternatively or additionally, feedback from multiplexers 
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112 determines other parameters of the generated replace 
ment objects 312, such as the siZes of the sub-portions 302, 
an average spacing betWeen sub-portions for Which replace 
ment objects are generated and/or a percentage of the video 
stream for Which replacement objects are generated. 

Metadata 

[0135] Referring in detail to generating (208) a metadata 
entry for an access unit 306, in some embodiments of the 
invention, each metadata entry includes a decoding time 
stamp (DTS) of the access unit, Which indicates the time at 
Which the access unit is to be decoded by the client. The 
DTS is optionally taken from a header of a packet of the 
access unit 306. Optionally, the metadata entry also includes 
the siZe of the access unit 306, in the video stream 300, for 
example stated in bytes. The siZe optionally includes encap 
sulating protocol overhead, such as MPEG-2 transport 
stream packet overhead (e.g., headers, padding). In some 
embodiments of the invention, When the placement in the 
packets Was not performed yet, the siZe is determined based 
on an estimate of the addition due to the placement in 
packets and/or the siZe is updated in the metadata after the 
placement in packets. Alternatively, the siZe stated for the 
access unit in the metadata includes only media unit portions 
and not encapsulation protocol data. Further alternatively, 
the metadata entry does not indicate the siZe, and the siZe is 
determined by multiplexers 112 in encapsulating the video 
data in packets and/or in performing the statistical multi 
plexing. In some embodiments of the invention, the siZes of 
access units 306 are added to the metadata by multiplexers 
112. 

[0136] In some embodiments of the invention, the meta 
data entry includes a pointer to the access unit in the 
pre-processed media. Optionally, When the pre-processed 
video media is provided in one or more ?les, the pointer 
includes an offset of the access unit in the ?le and When a 
plurality of ?les are used, an indication of the ?le. Alterna 
tively or additionally, the pointer is stated relative to a ?xed 
point in the video stream, such as a previous access unit 306 
and/or a program clock reference (PCR), e.g., Within a 
transport stream layer of the video data. Further alterna 
tively, a pointer is not included, and the access unit is 
located, for example, based on its decoding time stamp 
(DTS). Optionally, in this alternative, the metadata entries of 
access units 306 states the DTS to Which it relates and the 
DTS of a received packet is used to ?nd the corresponding 
metadata entry. In some embodiments of the invention, the 
metadata entry includes a pointer to a sub-portion of the 
access unit, such as an MPEG-2 video picture header ?eld 
(vbv_delay). 

[0137] In some embodiments of the invention, the meta 
data entry includes other information on the access unit, 
Which may be useful for statistical multiplexing by periph 
eral units 112, such as the type of the frame of the access unit 
(e.g., I-frame, P-frame, B-frame) and/or its relative location 
in a GOP. Alternatively or additionally, any other data Which 
is useful in determining Which sub-portions 302 are to be 
replaced is included in the metadata. For example, any of the 
information mentioned above as being used in determining 
Which media units 304 should be included in replaceable 
sub-portions may be included in the metadata, to aid mul 
tiplexers 112 in determining Which sub-portions should be 
replaced. 
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[0138] For each replaceable sub-portion 302 of the access 
unit 306, the metadata optionally includes an indication of 
the siZe of the replaceable sub-portion 302 and the siZes of 
the one or more replacement objects 312 generated therefor. 
Optionally, the metadata includes a pointer to the replace 
able sub-portion 302 (e.g., an offset from the beginning of 
the access unit) and a pointer to each of the replacement 
objects 312. In some embodiments of the invention, the 
metadata includes for each of the replacement objects a 
quality score indicating the quality degradation or improve 
ment of the replacement object 312 relative to the sub 
portion 302. Alternatively or additionally, the metadata 
includes for each replacement object the compression ratio 
(i.e., the bandWidth saving) of the replacement object 312 
relative to the sub-portion 302. 

Reconstruction 

[0139] Referring in detail to reconstructing (210) the video 
stream, in some embodiments of the invention, the recon 
struction includes placing delimiters before and/or after 
replaceable sub-portions 302, so as to simplify their identi 
?cation. The delimiters are optionally removed by multi 
plexers 112. 
[0140] In some embodiments of the invention, some of the 
original sub-portions 302 are replaced by compressed ver 
sions, in order to reduce the default siZe of the video stream. 
Optionally, the replacement objects 312 are even more 
compressed versions of the original sub-portions 302. In 
accordance With this option, the original media units may 
simply be dropped. The more compressed replacement 
objects may be generated from the original sub-portion 302 
or from the compressed version of the sub-portion. Alter 
natively or additionally, one or more of the sub-portions 
included in the preprocessed video stream is smaller than 
one or more of its corresponding replacement objects 312. In 
an exemplary embodiment of the invention, the original 
sub-portion 302 is included in the preprocessed video media 
as a replacement object 312. In these embodiments, multi 
plexers 112 may perform statistical multiplexing replace 
ments if they ?nd they have additional bandWidth Which can 
be used to provide higher quality. 
[0141] Referring in detail to packing (212) of the video 
stream With the replacement objects, in some embodiments 
of the invention, the packed data includes the original video 
stream together With the replacement data objects and the 
metadata. Alternatively, the metadata is packed separately 
and optionally provided separately. 
[0142] In some embodiments of the invention, all the 
replacement objects of the video stream are packed into a 
single ?le. Alternatively, for example When multiplexers 112 
selectively fetch the replacement objects (or interchangeable 
objects) they require, the objects of a single video stream are 
stored in a plurality of ?les. In an exemplary embodiment of 
the invention, for each replaceable sub-portion, the larger 
interchangeable block is stored in one ?le and the smaller 
block is stored in another ?le. This option is used, since 
usually if small blocks are required for one portion they Will 
be required for its neighboring portion, as the available 
bandWidth on channel 142 for the video stream is probably 
limited. Alternatively, objects With a high chance of being 
fetched are stored in a ?rst ?le and objects With a loW chance 
of being fetched are stored in a second ?le. 

[0143] In an exemplary embodiment of the invention, the 
data on I-frames is stored in a ?rst ?le Which is fetched in 
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its entirety, if the stream is played in its entirety (e.g., not 
With a skip option). Further ?les are optionally used to store 
data on other frames for Which there are a plurality of 
interchangeable blocks. In other embodiments of the inven 
tion, the video stream and replacement objects are provided 
substantially concurrently to the multiplexers although 
being stored in separate ?les or even in separate storage 
units. Further alternatively, any other storage format is used 
for the replacement objects. It is noted that some or all of the 
?les used may be further split or combined according to their 
siZe and/or may be replicated for performance and distribu 
tion purposes. 

[0144] In some embodiments of the invention, the media 
units are included in each ?le in a back to back arrangement, 
Without separation betWeen media units and/or Without 
encapsulation. The back to back arrangement may be used, 
for example, When metadata of the video media provides 
pointers to the units of the video stream. 

Preprocessing Alternatives 

[0145] In some embodiments of the invention, pre-pro 
cessing unit 102 performs, in parallel, pre-processing of real 
time and non-real-time video streams. The real-time video 
streams optionally receive preference in the utiliZation of the 
processing poWer of pre-processing unit 102. The process 
ing poWer not utiliZed by the real time video streams is used 
in pre-processing the non-real-time video streams. 

[0146] Alternatively to detecting (202) access units 306 as 
a basis for determining sub-portions and/or generating meta 
data entries for each access unit, other media units may be 
used, such as GOPs or slices. In some embodiments of the 
invention, the generation of the metadata is performed on 
units of a ?rst granularity, and the determination of the 
sub-portions uses units of a second (e.g., ?ner) granularity as 
a basis. The units used as a basis for the determination of the 
sub-portions 302, generally prevent identi?cation of sub 
portions Which span over the border betWeen tWo basis units. 
In some embodiments of the invention, basis units are not 
used. 

Statistical Multiplexing 

[0147] FIG. 5 is a ?owchart of acts performed by a 
peripheral multiplexer 112, in accordance With an exemplary 
embodiment of the invention. Multiplexer 112 receives 
(502) the preprocessed video streams directed to clients 150 
connected to the communication channel 142 it feeds. In 
each time slot cycle (503), the momentary bit rate capacity 
of communication channel 142 in the time slot is determined 
(504) and the bit capacity of the time slot is determined 
(505), as the product of the time slot length and the momen 
tary bit rate of the channel. The portions of data from all the 
video streams and other data units (e.g., data ?les, audio 
media) that need to be transmitted in the current slot are 
determined (506). For each sub-portion that must be trans 
mitted, an interchangeable block representing the sub-por 
tion, is provisionally selected (508). Optionally, the inter 
changeable block currently belonging to the video stream is 
selected. The order of the portions in the current slot is 
optionally determined (510) in order to meet the timing and 
buffering constraints of the video streams. The determina 
tion (510) optionally includes preventing large bursts of data 
in a speci?c stream, and proper transmission of pieces of 
sub-portions in different time slots When required. 
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[0148] The total siZe of the selected portions is determined 
and compared (512) to the total bit capacity of the time slot. 
In addition it is optionally determined Whether it Was 
possible to determine (510) an order that meets the timing 
and buffering constraints of all the streams. If necessary, 
smaller (more compressed) interchangeable blocks are 
selected (508) in order to alloW all the data portions to ?t into 
the current slot (e.g., to the portion of the channel allocated 
to the stream) and/ or in order to make more room for 
transmission of data portions earlier than they must be 
transmitted. If there is extra room, subsequent portions that 
may be transmitted in folloWing slots are included in the 
current slot, in order to make room in more croWded slots. 

[0149] The multiplexed streams are optionally encapsu 
lated (514) for transmission in loWer layer packets and are 
forWarded (516) to the clients 150. For example, With 
relation to MPEG-2 transport streams, the encapsulation in 
loWer layer packets optionally involves re-stamping of the 
program clock reference (PCR) in the packets, and re 
generation of program speci?c information (PSI). 

[0150] In some embodiments of the invention, for 
example When the video stream is provided in real time, 
receiving (502) the video streams by multiplexers 112 is 
performed in a push mode in Which the multiplexers 112 are 
passive. The video media are optionally provided in these 
embodiments under the control of preprocessing unit 102, 
for example using a streaming interface, such as a UDP/IP, 
TCP/IP or ATM interface. In other embodiments of the 
invention, for example in video on demand (VoD) applica 
tions, receiving (502) the video streams by multiplexers 112 
is performed in a pull mode in Which the multiplexers 112 
actively fetch (read) the portions of the video streams and/or 
corresponding replacement objects. In some embodiments 
of the invention, the video stream, replacement blocks 
and/or metadata are fetched using a storage access protocol, 
such as the small computer system interface (SCSI), Internet 
SCSI (iSCSI), netWork ?le system (NFS), storage area 
netWork (SAN), netWork access server (NAS), integrated 
drive electronics (IDE), serial advanced technology attach 
ment (SATA), ?bre channel over IP (FCIP) or ?bre channel 
protocols. 

[0151] Optionally, the received (502) video streams 
include With them, on the same physical and/or virtual 
channel, the metadata and the replacement objects generated 
for them. This option alloWs for relatively simple provision 
of the video stream and associated data (e.g., metadata and 
replacement objects). Alternatively, to alloW simpler han 
dling by multiplexers 112, the video stream is transmitted on 
a separate physical and/or virtual channel from the metadata 
and/or the replacement objects. In an exemplary embodi 
ment of the invention, the video stream, replacement objects 
and metadata are transmitted on separate UDP channels (i.e., 
using separate UDP port numbers), optionally on the same 
physical channel. 

[0152] In some embodiments of the invention, the replace 
ment objects 312 are received separately from the video 
stream, for example some or all of the replacement objects 
and/or the video stream are supplied to multiplexer 112 in 
advance. Alternatively or additionally, the metadata is ?rst 
provided to multiplexers 112 in a pull or push mode. 
Multiplexers 112 then fetch the video stream and replace 
ment portions 312 they need, using the metadata. Accord 




















